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US Investment in Nanotechnology

United States Federal
Government investment in
nanotechnology R&D

1997: $116M
2004: $849M

Companies are investing
equal rate, according to
estimates.

source: http://www.nano.gov



National Science Foundation

• Supports university research
– Diverse portfolio of programs

• Sponsors studies and workshops
– Workshops on nanotechnology grand challenges

• Fosters development of scientific technologies
for research
– National Nanotechnology Infrastructure Network

(NNIN)

• Budget: $5.74B requested in 2005



Cornell University
Stanford University
University of Michigan
Georgia Institute of Technology
University of Washington
UC Stanta Barbara
University of Minnesota
University of New Mexico
UT Austin
Harvard University
Howard University
North Carolina State University

http://www.nnin.org 

• A partnership of thirteen
user facilities

• Hands-on access to
nanofab tools

• Supported by the
National Science
Foundation (NSF)

• NNIN Director: Prof.
Sandip Tiwari, Cornell



Fabrication Choices

MEMS Exchange coordinates a system of facilities
that provide specialized fabrication steps

MEMS ExchangeNNIN

MEMS Foundries



DARPA: New ProgramsDARPADARPA

• Harsh Environment Robust
Micromechanical Technology

• Micro-Antenna Arrays
• Micro-Electric Propulsion
• Micro Gas Analyzers
• Radio Isotope Micro-Power Sources
• Chip Scale Atomic Clock
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DARPADARPA

MTOMTO

4H+ + 4e- + O2  2H2O

Formic Acid Micro Fuel Cell

HCOOH vapor

UIUC team: Formic acid operates over wide concentration
range without crossover in Nafion 117 PEM

UIUC team: Formic acid operates over wide concentration
range without crossover in Nafion 117 PEM
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Advantages:

• Efficient operation at
ambient temperature
– no thermal signature

– no need for thermal isolation

• Very high reaction rate
– 300X larger current density

than methanol

– allows smaller size

• Formic acid commonly
found in nature (in insects
and animal waste)

HCOOH  CO2 + 2H+ + 2e-
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DARPADARPA

MTOMTO

Performance Continues To Improve

30 °C

• Working formic acid fuel cells:
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Oct 1, 2002
Jan 1,2003

Jun 1, 2003

-40

-20

0

20

40

60

80

100

120

P
o

w
er

 O
u

tp
u

t,
 m

W
/c

m
_

60 °C

Improved
Platinum
Catalyst

Improved
Platinum
Catalyst

Si DRIE structure,
Nafion 117 PEM

Si DRIE structure,
Nafion 117 PEM

Smaller, no
pumps

Smaller, no
pumps

Conventional
Cell Design with
Nafion 117 PEM
w/ ext. pumps

Conventional
Cell Design with
Nafion 117 PEM
w/ ext. pumps

[Univ. of Illinois]
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DARPADARPA

MTOMTO
Millimeter-Scale Rotary Engine Demo

• Demonstrated feasibility of a
small-scale (~1 cm) engine
that potentially capable of
generating 10-100W of power

• Power Output Results:
– ~4W @ 9300RPM
– both glowplug and spark ignition

demonstrated

• Industry Transition
– improve performance
– fuel flexibility

Engine Power Generation Hydrogen Air Mixtures
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[UC Berkeley]
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DARPADARPA

MTOMTO
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1.51-GHz, Q=11,555 Nanocrystalline
Diamond Disk µMechanical Resonator

• Impedance-mismatched stem for reduced anchor dissipation

• Operated in the 2nd radial-contour mode

• Q ~ 11,555 in vacuum; Q ~ 10,100 seen even in air

• Below: 20 mm diameter disk

Polysilicon
Electrode R

Polysilicon Stem
(Impedance Mismatched

to Diamond Disk)

Ground
Plane

CVD Diamond
µMechanical Disk

Resonator
[Wang, Nguyen 2003]
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Design/Performance:
R=10µm, t=2.2µm, d=800Å, VP=7V
fo=1.51 GHz (2nd mode), Q=11,555

fo = 1.51 GHz
Q = 11,555 (vac)
Q = 10,100 (air)



Extramural: Advanced Technology Program --
$4 billion in cost-shared partnerships with
industry since 1990

Intramural: NIST Laboratories -- National
measurement standards



Advanced Technology Program
• “DNA Chips” - new technology

for cheap, rapid genetic analysis

• Tissue Engineering - new
materials to repair damaged
ligaments and tendons: several
billion dollar impact

• Auto Body Consortium -
improved fitting of parts to save
money for manufacturers and
consumers

www.atp.nist.gov



NIST Laboratories

•Measurement Research 
2,200 publications/year

•Standard Reference Data
90 types available

5,500 units sold/ year

•Standard Reference Materials
1,300 products available

31,000 units sold/year

•Calibrations and Tests
3,000 items calibrated/year

•Laboratory Accreditation
819 accreditations 

•Standards Committees
440 NIST staff, 970 committees



NanoBioTechnology
Single Molecule Manipulation and Measurement: SM3

Measurements:
Electronic, Optical, Force

Manipulation (Transport):
Fluidic Restrictions,
Beads

Platform:
Nanofabrication

Molecular Assembly

Electronics meets Biology

Manipulation (Capture):
Vials, Beads, Arrays



Liposomes
Nanoreaction Vials



Nanoparticle Self-Assembly
Liposomes as Nanovials

Single Molecule Manipulation and Measurement: SM3

Microfluidic Device

Liposome with
membrane imaging dye

Liposome with
encapsulate water

fluorescent marker

Encapsulated
solution

External aqueous
solution

Assembled
phospholipid

molecules
100 nmPhospholipid

molecules
dissolved in

Isopropyl
Alcohol

Liposome

Injected into
buffer (water)



Nanoparticle Self-Assembly
Liposomes as Nanovials

Single Molecule Manipulation and Measurement: SM3

JACS, 126, 2674-2674, March 2004 (b) CF

(b) DiIC18



MEMS Technology Timeline

Piezoresistivity in Si
(Bell Labs, 1954)

Isotropic etching of Si
(early 60’s)

Westinghouse resonant gate tran.
(Nathanson, 1965) Anisotropic etching of Si

(Finne & Klein, 1967)

Silicon accelerometers and pressure sensors
(late 60’s)

Pressure sensors commercialized
(Honeywell and others, 1970’s)

Silicon as a mechanical material
(Peterson, 1982)

Polysilicon surface micromachining

LIGA (Karlsruhe, 1986) Silicon accelerometers commercialized

Micromotors CMOS cif-MEMS through MOSIS
(NIST, 1991)

ADI IMEMS
(DARPA 1993)

MCNC MUMPS
(DARPA 1992)

DRIE for MEMS
(Klassen, 1995)

’80s Surface Micromachining

’90s MEMS Foundries

’60’s Bulk Si Micromachining

ASTM MEMS Test Structures
(1998)

Standards

Commercial Growth

Nano



Standardization

• ASTM (American
Society for Testing
and Materials) Task
Group E08.05.03
established in 1998

• Activities
– Residual Stress

Standard Test
Method (Round
Robin in Progress)

– Elastic Modulus
Standard Test
Method



Published ASTM Standards

E2244: In-Plane Length
Measurements

E2245: Residual Strain
Measurements

E2246: Strain Gradient
Measurements

Round robin experiment is
now in progress

- Google: MEMS Round Robin
- http://www.eeel.nist.gov/812/44.htm



MEMS Industry Group

METRIC 2003
Reliability Workshop

Held in Pittsburg PA
Sept 2003

Preparing for
METRIC 2004 in

September

Topic: Accelerated
Lifetime Testing



SEMI: International MEMS Steering Group (IMSG)

Equipment Industry
Group

Upcoming Workshops
(US)

ASMC
May 4-6 2004

SEMICON West: 
Summer 2004



Dr. Steven Walsh
Dr. Kees Eijkel

Mr. Roger Grace
Dr. Robert Warrington

A Presidential Perspective on the 
Commercialization of Nanotechnologies

“A Fantastic Voyage” 

Over 0.5 billion spent on patent fees



The World’s Governments are
Investing in Nanotechnology
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http://mems.nist.gov/Talks/USA.pdf 

Talk can be viewed online at:

Thank You!


